Objective-To evaluate lung involvement in patients with primary Sjögren's syndrome. Methods-Sixty one consecutive, nonsmoking patients, 58 women and three men, were evaluated clinically, physiologically, and radiologically. A bronchial and/or transbronchial biopsy was performed on 13 of the patients. Physiological data were compared with that of a control group of 53 healthy non-smoking subjects matched for age and sex. 
bronchial and/or peribronchiolar mononuclear inflammation, while interstitial inflammation coexisted in two patients. Conclusion-The airway epithelia seem to be the main target of the inflammatory lesion of the lung in patients with primary Sjögren's syndrome. It seems to be common, subclinically leading to obstructive small airway physiological abnormalities. Sjögren's syndrome is a slowly progressive inflammatory autoimmune disease, characterised by lymphocyte mediated destruction of exocrine glands. 1 Pulmonary involvement in "primary" Sjögren's syndrome, has been the subject of various studies. [2] [3] [4] [5] [6] However, some discrepancy in the available literature exists concerning the frequency, the pattern of physiological abnormalities, and the clinical significance of the respiratory involvement in primary Sjögren's syndrome. Indeed the reported frequency of physiological abnormalities varies widely from 19 to 65%, depending on the sensitivity of the selected physiological parameters and the criteria used to define abnormality. Moreover, there is some diYculty in obtaining a clear picture of the pattern of the physiological abnormalities described; some authors have reported a restrictive 5 or mixed ventilatory 6 defect while others report a relatively high incidence of small airways obstruction. 4 Conflicting results arose also from prospective longitudinal follow up studies, which attempted to determine the true clinical significance of these abnormalities. Kelly and coworkers reported that respiratory involvement is an early feature of the syndrome and may progress over a relatively short period, 6 while our previous studies showed that pulmonary involvement in primary Sjögren's syndrome is usually mild and very slowly progressive. 7 In view of the pleomorphy of clinical expression reported and the diversity of physiological changes detected we performed clinical, physiological, radiological, and histopathological studies in a group of 61 patients with primary Sjögren's syndrome.
Methods
Sixty one consecutive and non-smoking patients with primary Sjögren's syndrome, diagnosed and followed up at the Department of Internal Medicine of the University of Ioannina, were evaluated for respiratory involvement. The diagnosis of primary Sjögren's syndrome was based on the European criteria. 8 A detailed pulmonary history was obtained and physical examination was performed in every patient. Physiological evaluation (Transfer screen II/O, Erich Jeager, West Germany) included: flow volume curves and registration of the forced expiratory volume in one second (FEV 1 ), the forced vital capacity (FVC), the maximal expiratory flow at 50% of the vital capacity (MEF 50 ), and the maximal expiratory flow at 25% of the vital capacity (MEF 25 ). Maximal expiratory flows at 50 and 25% of the forced vital capacity are eVort independent measurements of the end of expiration and are considered to reflect the status of the small peripheral airways of the lung. Carbon monoxide diVusion was measured using the single breath method (sbDLCO). 9 The results of the pulmonary function tests were expressed as percentage of predicted values (Knudson et al, for spirometry and flow volume values, 10 and Cotes, for the sbDLCO 9 ). Blood gases were obtained in 44 patients and the P(A-a)O 2 was calculated using the alveolar air equation, the simplified version of which is PaO 2 =150−1.2 × PaCO 2 , assuming a normal value for respiratory exchange ratio (0.8) and breathing 21% oxygen at sea level. P(A-a)O 2 was considered abnormal when it exceeded 10-15 mm Hg. Patients' physiological data were compared with that of a control group of 53 healthy, nonsmoking people, age and sex matched, selected from the hospital personnel and patients' relatives. None of the patients and control group had a history of lung disease.
Chest radiography in standard posteroanterior and lateral position was performed in all patients. Thirty two patients, were examined by computed tomography (CT) of the lung on a DR26 Somaton scanner, Siemens, Erlagen, Germany. Routine examination consisted of sequential 8 mm thick sections obtained at 1 cm intervals from the lung apex to the diaphragm (3 seconds 230 milliAmperes (mAs) 125 kilovolts (Kvp)). High resolution CT was additionally performed using a Siemens high spatial frequency algorithm and the following parameters 4 sec, 310 mAs, 125 kVp.
Bronchoscopy was performed, after informed written consent, in 13 patients. The study conformed to the declaration of Helsinki, and for ethical reasons transbronchial biopsy was suggested only in those patients with abnormal chest radiographs. The specimens after routine processing were stained with haematoxylin and eosin and evaluated on light microscope.
Descriptive analysis of diVerent parameters was done using percentages and means. Student's t test was used for comparison. Correlation of diVerent parameters was performed using simple linear regression analysis.
Results
Fifty eight of the patients were female and three male with a mean (SD) age of 50 (11) years (range from 25 to 69) and mean (SD) disease duration 8 (4.7) years (range from 1 to 22). Twenty nine patients (47.5%) had parotid gland enlargement and 23 (38%) Raynaud's phenomenon. Serum evaluation for anti-Ro (SSA) autoantibodies was positive in 32 patients (50%) and for anti-La (SSB) in 13 of them (21%). Forty seven patients (85.4%) had a lip biopsy >2 according to Chisolm criteria and the remaining were =1. Twenty four patients (41%) complained of "sicca cough" and four (7%) of mild breathlessness on exertion. On chest auscultation few end inspiratory rales were audible in eight patients (14%). presence of autoantibodies to Ro(SSA) and La(SSB), and physiological parameters. On chest radiography a mild interstitial pattern was present in 27 patients (44%) while slightly increased markings were noted in 21 (34%). Evidence of hyperinflation was observed in three patients. High resolution CT of the lung was performed in 32 patients (four with a normal chest radiograph, six with increased markings, 19 with apparent interstitial pattern, and three hyperinflation on radiographs). Abnormalities were seen only in 10 patients. These included: thickened walls of the segmental bronchi in seven patients (fig 1) and multiple bullae in three other patients. Other coexisting findings in the patients with thickened wall were: cylindrical bronchiectasis in the lower lobes in two patients, interstitial pattern (ground glass or small nodular pattern) in two other patients, centrilobular branching structures within the secondary lobule with ground glass appearance in two other patients. The remaining high resolution CT lung scans were normal. All positive findings derived from the patients with abnormal chest radiographs.
The transbronchial biopsy specimens included bronchiolar and alveolar tissue in 11 patients while in two the tissue specimen was not suYcient. In six of these patients additional endobronchial biopsies were performed. Submucosal mononuclear infiltrates were observed in both large and small bronchi in 10 patients (fig 2) , follicular bronchiolitis was observed in two of them, and interstitial pneumonitis in another two.
All the patients with abnormal lung histopathology had an interstitial-like pattern on chest radiography. Seven had thickening of the segmental bronchial walls on high resolution CT. All patients had physiological indices compatible with small airway obstruction and five had PO 2 <80°mm Hg. Seven patients complained of cough while only three had inspiratory rales on auscultation.
Discussion
This study shows that lung involvement in patients with primary Sjögren's syndrome is common and mostly subclinical. Physiological, radiological, and histological findings suggest that the lesions aVect the bronchial tree and particularly the small bronchioles.
The main histological lesion in primary Sjö-gren's syndrome consists of focal lymphocytic infiltrates of the exocrine glands. These lymphocytic infiltrates start usually around salivary and lacrymal ducts and extend slowly and gradually, replacing the physiological glandular epithelium, thus producing dry mouth and eyes. 11 Similar lesions have been seen in extraglandular organs like the kidney and the liver. In the kidney, peritubular lymphocytic infiltrates induce tubular dysfunction while in the liver, periductul infiltrates lead to a clinicoserological picture of primary biliary cirrhosis.
11
This study clearly shows that the lesion in the lung of patients with primary Sjögren's syndrome consists of peribronchial lymphocytic infiltrates. This lesion does not diVer from that described in the exocrine glands and other parenchyma organs of these patients. All these clinical findings suggest that the major cell target for "autoimmunity" in primary Sjögren's syndrome is the epithelium.
The lung lesion does not seem to produce a severe clinical syndrome. Most patients suVer only from dry cough without specific clinical findings. Dry cough has been described by Constantopoulos et al 3 as being the main respiratory symptom of primary Sjögren's syndrome patients and has been named "xerotrachea" following the equivalence of xerostomia and xerophthalmia. Dry cough has been described also by Sjögren himself 65 years ago, later named "bronchitis sicca" by Alarcon-Segovia.
12
The cough is probably caused by desiccation of the mucosa of the tracheobronchial tree. However, it had never been associated with physiological and histological findings. 13 In our study physiological tests showed that most patients presented low MEF 50 and MEF 25 . The maximal mid-expiratory flow rate is often considered a more sensitive measurement of early airflow obstruction, particularly in small airways. However, these measurements must be interpreted cautiously because the tests are less reproducible. On the other hand in primary Sjögren's syndrome patients sequencial tests during routine follow up gave similar results (data not shown). It is of interest to note also that the low arterial PO 2 observed in some patients seems to be the result of small airway obstruction as the patient's DLCO was almost normal and the P (A-a) O 2 correlated positively only with decreased MEF 50 and MEF 25 . However, clinically relevant airway obstruction was observed only in six patients (10%). Small airway obstruction has also been confirmed by other investigators. 4 14-16 Newball and Brahim 14 described 6 of 13 primary Sjogren's syndrome patients to have bronchial obstruction and mononuclear cell infiltration of the small airways. Mononuclear cells infiltrating the small airway wall leading to anatomical obstruction could explain the physiological abnormalities observed in primary Sjögren's syndrome patients. Cytokines produced locally by these cells could also contribute to this physiological disturbance. More detail studies are necessary to clarify this issue.
Furthermore, it should be pointed out that although chest radiographic findings of primary Sjogren's syndrome patients are reminiscent of an interstitial disorder this actually corresponds to thickened bronchioles. Using high resolution CT of the lung we detected thickened bronchial walls at the basilar segmental bronchi in seven patients. This finding probably reflects the degree of mononuclear infiltrates observed in endobronchial biopsy. Interstitial involvement was evident in only 4 of 21 patients examined by high resolution CT. It consisted of ground glass appearance or fine nodular pattern distributed predominantly peribronchially. Peripheral and lower lobe distribution typical of fibrosing alveolitis 17 as well as honey combing 18 were absent in all patients. From this study there is growing evidence of a close relation between the abnormal physiology of the bronchial tree and the pathogenesis of respiratory manifestations of Sjögren's syndrome. The proposed hypothesis is that all lung lesions of primary Sjögren's syndrome originate from the airways. At the initial stages lymphocytic infiltrates are localised to exocrine submucosal glands in both large and small airways at a subepithelial level. 19 As the disease progresses follicular bronchiolitis 20 becomes evident while the dysfunction of the large airway exocrine glands leads to xerotrachea and xerobronchitis. In a minority of patients, spreading of immunocytes towards the alveolar structures occurs. This, however, does not evolve to interstitial fibrosing alveolitis. Our clinical, physiological, radiological, and histological findings seem to support this sequence of events.
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